The increasing volume of data in the area of environmental sciences needs analysis and interpretation. Among the challenges generated by this "data deluge", the development of efficient strategies for the knowledge discovery is an important issue. Here, statistical and tools from computational intelligence are applied to analyze large data sets from meteorology and climate sciences. Our approach allows a geographical mapping of the statistical property to be easily interpreted by meteorologists. Our data analysis comprises two main steps of knowledge extraction, applied successively in order to reduce the complexity from the original data set. The goal is to identify a much smaller subset of climatic variables that might still be able to describe or even predict the probability of occurrence of an extreme event. The first step applies a class comparison technique: p-value estimation. The second step consists of a decision tree (DT) configured from the data available and the p-value analysis. The DT is used as a predictive model, identifying the most statistically significant climate variables of the precipitation intensity. The methodology is employed to the study the climatic causes of an extreme precipitation events occurred in Alagoas and Pernambuco States (Brazil) at June/2010.
Introduction
The states of Alagoas (AL) and Pernambuco (PE), Brazil, have suffered from 17 to 19 June 2010 a strong flood that caused deaths and several material damages Tragedies like these were analysed in previous studies [1] [2] where Data Mining (DM) methodologies were employed. The current paper employs the same methodology used in previous research [1] [2] , with focus on data science application in extreme weather events. The previous study used Data Mining (DM) techniques in the analysis of two severe events: deep drought and extreme rainfall.
Drought and heavy rainfall are two examples of "severe weather". However, they are events that differ in time and space scales. Droughts are events characterized for enduring long periods (months or years) and reach a large geographic area. Conversely, heavy rainfall phenomena act over much shorter period, and the breadth of heavy rainfall is much shorter. Thus, the action of the public authority is more critical and necessary in extreme rainfall events, in the sense of mobilizing resources and support actions to the population, requiring almost immediate decision/action (almost "real time") from the decision makers (civil defence).
In the previous paper [3] , we have studied the extreme precipitation located in one of the most critical regions in Brazil: Itajai Valley in the State of Santa Catarina. Here, the investigation is performed in the northeast region of the Brazil, where are placed the territories of the states of Pernambuco and Alagoas.
The methodology is implemented for each distinct phenomenon, according to the affected region. In this context, the most relevant climatological variables are identified by DM tools. The variable selection depends on the study area(affected The most influential attributes are used as a predictive DT model.
Schemes for Data Analysis
Data mining is a recent technology that potentially identifies the most important information in databases. It is apart of a larger process of KDD. Data mining can embraces statistical analysis and modeling techniques to find useful patterns and relationships. Generally, DM is the process of analysing data and summarizing it into useful information. DM algorithms are focused on associations, clustering, classification, regression, sequential patterns, and time series forecasting for many applications. The DM approach comprises the two cited steps of knowledge extraction: class-comparison (p-value), and decision tree. These methods are applied successively to reduce the complexity of the original dataset and identify a much smaller subset of climatic variables that may explain the event being studied and a tool as an event identifier-the Decision Tree.
In these two methods it is necessary to define one bias (threshold) for the calculation of p-values, and for the construction of decision trees (more details below). This bias is defined differently in case of rain and drought. Moreover, the parameters used in the heavy rainfall analysis for the region of Santa Catarina in [2] [3] does not apply to the study region (Alagoas, Pernambuco) of Northeast Brazil.
Statistical Analysis: p-Value
The statistical analysis is carried out employing a class-comparison method that compares two or more pre-defined classes of time-series of climatic grid box values. The objective is to determine which variables in the data set behave differently across pre-defined classes of precipitation. There are several methods for checking whether differences in variable values are statistically significant [5] . The computed t-test is converted into probabilities, known as p-values. The p-value is the probability of obtaining a result equal to or "more extreme" than what was actually observed, assuming that the model is true. In this context, the p-value is the probability that one would observe under the null hypothesis a t-test as large as or larger than the one computed from the data.
Permutations methods, not making Gaussian assumptions, are commonly used for computing p-values [5] [6] . After calculating t-test scores for each variable, the class labels of different classes are randomly permuted. So, considering two classes J 1 and J 2 , a random J 2 of the samples are temporarily labelled as class 1, and the remaining J 2 samples are labelled as class 2. Using these temporary labels, a new t-test score is calculated, say t*. The labels are then reshuffle many times again, with a t* being computed at each permutation. The p-value from the permutation t-test is computed.
If the p-value is smaller or equal than a threshold, then the assumption is acceptable, otherwise, if the p-value is greater than the threshold, then assumption can be considered false. The user defines the threshold. Therefore, small p-values are linked with larger statistical significance.
Classifier from the Artificial Intelligence
There are several classifiers based on Artificial Intelligence (AI). The DT classifier is a "divide-to-conquer" approach to the problem of learning from a set of independent instances, leading naturally to a style of data representation [7] . DTs are tree-like recursive structures made of leafs, labelled with a class value, and test nodes with two or more outcomes, each linked to a sub-tree. The DT algorithm construction consists of a collection of training cases, each having a tuple of values for a fixed set of attributes (independent variables) and a class attribute (dependent variable). The aim is to generate a map that relates an attribute value to a given class.
Among the free approachable algorithms, here the J4.8 algorithm is applied, which is WEKA's implementation of the decision tree learner [7] [8]. Most algorithms attempt to build the smallest trees without loss of predictive power. To this end, the J4.8 algorithm relies on a partition heuristic that maximizes the information gain ratio, the amount of information generated by testing a specific attribute. This approach allows attributes identification with the greatest discrimination power among classes, and select those that will generate a tree that is both simple and efficient.
The information gain is measured in terms Shannon's entropy reduction. 
Results
Class-comparison method is applied to determine which climatological variables in the dataset behave differently across pre-defined classes of precipitation in- 
Results with Statistical Analysis: p-Value
For classification purposes, the precipitation series is divided into classes. The pentads of the time series were divided in three classes of precipitation intensity: strong, moderate, and light rainfall. The standard t-test was applied, as recommended for applications with two classes: "strong" (precipitation greater than 5), and "moderate" (precipitation between 0 and 5). The red dot points in figures indicate de location of the INMet stations.
Regions with darker shades indicate the grid parameters with lower p-values. 
Conclusions
In this study, two techniques for data mining were used to investigate the climatic variables linked to the extreme rainfall events which occurred in Pernambuco and Alagoas States (Brazil) in the year 2010. The class-comparison methodology (p-value) was able to identify the most relevant variables. In addition, the scheme was also significant for size reduction of the original data set: from the order of thousands of attributes to a few tenths. A geographical mappinf of p-values become the interpretation an easier way for specialists, pointing out climatological variable directly related to the extreme event. The decision trees trained with the reduced dataset computed from the results of the class-comparison previous step were able to correctly classify the cases of extreme rainfall in 2010
for the analysed region in the Brazil.
Overall, the applied data mining procedure has shown to be a promising approach in the investigation of climatic extreme events and the extraction of knowledge from large and complex data sets.
